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Immune Dysregulation

Multiple Myeloma Pathogenesis



Immune dysfunction in Multiple Myeloma

Leblay N. et al. Front. Oncol., 2020 May 5;10:636

• Contributes to disease progression

• Increases rate of infections

• Targets for therapy



Patho-biological function of MM target antigens 
commonly used in immunotherapies

Shih-Feng Cho, et al. Cancers 2021



Statuses of various targeting immunotherapeutic agents
under development in MM

Shih-Feng Cho, et al. Cancers 2021



CD38 is a transmembrane glycoprotein expressed by most Hemopoietic cells

Adapted from Malavasi F. et al. Pysiol Rev. 2008 Jul; 88(3):841-86
Adapted from Chillemi A., et al. Mol. Med. 2013 May 20;19(1):99-108

Adapted from Moreno-Garcìa ME, et al. J. Immunol. 2005 Mar 1;174(5):2687-95

cADPR, (cyclic) adenosine diphosphoribose; ERK, extracellular signal-regulated kinase;
NAD nicotinamide adenine dinucleotide; PI3K, phosphatidylinositol 3 kinase
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CD38 is variably expressed on MM cells

Pèrez-Andrès et al. Leukemia 2005 Mar;19(3):449-55

Monoclonal gammopathy of undetermined significance (MGUS)
Multiple Myeloma (MM)
Plasma cells (PC)
Plasma cell leukemia (PCL)

…….but also on other hematopoietic cells,
and various non hematopoietic tissues

In high density MM cells In low density MM cells

Quarona V et al. Ann N Y Acad Sci, 2015



Humanization of antibodies to overcome  immunogenicity

Chimeric
‘ximab’

= chimeric
mouse or rat Ig variable 

regions; human 
constant regions 

(Isatuximab)

Humanized
’zumab’

= humanized chimeric 
mAb with only 

complementarity 
determining regions being 

mouse origin 
(Bevacizumab)

Human
’umab’

= fully human
(Daratumumab, 

MOR202)

Mouse
’momab’

= fully murine
(Tositumomab)

Immunogenicity
+ -

Imai K & Takaoka A Nature Reviews Cancer, 2006



CD38-targeting Monoclonal Antibodies

APPROVED
• DARATUMUMAB (DARA) 

• ISATUXIMAB (SAR650984) 

NOT APPROVED
• MOR202 (MOR) 

• TAK-079 (TAKEDA) 



van de Donk NW. et al, Blood, 2016, Feb 11:127(6):681-95 

Monoclonal Antibodies act through different  MOA

Activation of natural killer (NK) cells

Antibody-dependent
cellular cytotoxicity

(ADCC)

Activation of macrophages

Antibody-dependent cell-
mediated phagocytosis

(ADCP)

Activation of complement 
Complement-

dependent
cytotoxicity (CDC)

Direct effects
Alterations in intracellular signalling 

Inhibition of growth factor receptor function 
Inhibition of adhesion molecule function



DARA 
(human)

SAR
(humanized)

MOR
(human)

TAK
(humanized)

Binding +++ +++ ++ +++

CDC (max lysis) +++ + + ++

Phagocytosis +++ +++ ++ +++

ADCC (max lysis) ++ ++ ++ ++

PCD direct - ++ - -

PDC crosslinking +++ +++ +++ +++
Modulation 

ectoenzyme function + +++ - +

Isatuximab

Adapted from van de Donk NWCJ, et al. Blood 2018 Jan 4; 131(1): 13-29
Van de Donk NWCJ et al. Front. Immunol. 2018 Sep 20;9::2134

CDC: Complement-dependent cytotoxicity
ADCC: Antibody-dependent cell-mediated cytotoxicity
PCD: programmed cell death

The clinical significance of
these data is unknown. No
interferences of clinical
superiority should be made

* n.d.: not determined

Summary of mechanisms of action of anti-CD38 mAbs



in vitro comparison of Daratumumab with surrogate analogs of CD38 antibodies 

DARA SAR MOR TAK

Binding +++ +++ ++ +++

CDC (max lysis) +++ + + ++

Phagocytosis +++ +++ ++ +++

ADCC (max lysis) ++ ++ ++ ++

PCD direct - ++ - -

PDC crosslinking +++ +++ +++ +++
Modulation 

ectoenzyme function + +++ - +

Isatuximab

Adapted from van de Donk NWCJ, et al. Blood 2018 Jan 4; 131(1): 13-29
Van de Donk NWCJ et al. Front. Immunol. 2018 Sep 20;9::2134

CDC: Complement-dependent cytotoxicity
ADCC: Antibody-dependent cell-mediated cytotoxicity
PCD: programmed cell death

The clinical significance of
these data is unknown. No
interferences of clinical
superiority should be made

* n.d.: not determined



CDC Activity of Dara, Isa and TAK-079 in MM cell lines 

Kinder M, et al. Haematologica 2021;106:2004-2008



in vitro comparison of Daratumumab with surrogate analogs of CD38 antibodies 

DARA SAR MOR TAK

Binding +++ +++ ++ +++

CDC (max lysis) +++ + + ++

Phagocytosis +++ +++ ++ +++

ADCC (max lysis) ++ ++ ++ ++

PCD direct - ++ - -

PDC crosslinking +++ +++ +++ +++
Modulation 

ectoenzyme function + +++ - +

Isatuximab

Adapted from van de Donk NWCJ, et al. Blood 2018 Jan 4; 131(1): 13-29
Van de Donk NWCJ et al. Front. Immunol. 2018 Sep 20;9::2134

CDC: Complement-dependent cytotoxicity
ADCC: Antibody-dependent cell-mediated cytotoxicity
PCD: programmed cell death

The clinical significance of
these data is unknown. No
interferences of clinical
superiority should be made

* n.d.: not determined



Induction of Antibody-Dependent Cell-mediated Cytotoxicity (ADCC) 
in MM cell lines

Isatuximab induces
ADCC against various
cell lines as targets
but requires a certain
level of CD38
expression on the
targets (left)

Daratumumab also
shows ADCC activity
against various cell
lines with higher
levels of CD38 (right)

• Both isatuximab and daratumumab induce ADCC against CD38 expressing cells
• Anti-CD38 antibodies-induced ADCC requires a certain level of CD38 expression on target cells
• Due to variation of data resources (e.g. different experimental systems), difference in ADCC induction 

between isatuximab and daratumumab still needs further cellular and molecular characterization

Kriegsmann K. et al. Cytometry B. Clin Cytom. 2018 de Weers M, et al. J Immunol. 2011
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Daratumab induces ADCC in 
CD38-expressing MM cell lines

Cell line Daratumumab (% Lysis)

Daudi
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in vitro comparison of Daratumumab with surrogate analogs of CD38 antibodies 

DARA SAR MOR TAK

Binding +++ +++ ++ +++

CDC (max lysis) +++ + + ++

Phagocytosis +++ +++ ++ +++

ADCC (max lysis) ++ ++ ++ ++

PCD direct - ++ - -

PDC crosslinking +++ +++ +++ +++
Modulation 

ectoenzyme function + +++ - +

Isatuximab

Adapted from van de Donk NWCJ, et al. Blood 2018 Jan 4; 131(1): 13-29
Van de Donk NWCJ et al. Front. Immunol. 2018 Sep 20;9::2134 

CDC: Complement-dependent cytotoxicity
ADCC: Antibody-dependent cell-mediated cytotoxicity
PCD: programmed cell death

The clinical significance of
these data is unknown. No
interferences of clinical
superiority should be made

* n.d.: not determined



Induction of Antibody-Dependent Cellular Phagocytosis 
(ADCP) in MM cell lines

Isatuximab is shown to
induce potent ADCP activity
at the equivalent level
induced by rituximab (left).

Isatuximab-induced ADCP is
more prominent against cells
with higher CD38 expression
(center).

Daratumumab can induce
ADCP against cells
overexpressed CD38 (right)

Moreno L. et al. Clin Cancer Res. 2019 Overdijk MB. et al. Mabs 2015

• Both isatuximab and daratumumab induce ADCP against CD38 expressing cells
• Anti-CD38 antibodies-induced ADCP requires certain level of CD38 expression on target cells
• Due to variation of data resources (e.g. different experimental systems), difference in ADCP induction 

between isatuximab and daratumumab still needs further cellular and molecular characterization
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in vitro comparison of Daratumumab with surrogate analogs of CD38 antibodies 

DARA SAR MOR TAK

Binding +++ +++ ++ +++

CDC (max lysis) +++ + + ++

Phagocytosis +++ +++ ++ +++

ADCC (max lysis) ++ ++ ++ ++

PCD direct - ++ - -

PDC crosslinking +++ +++ +++ +++

Modulation 
ectoenzyme function + +++ - +

Isatuximab

Adapted from van de Donk NWCJ, et al. Blood 2018 Jan 4; 131(1): 13-29
Van de Donk NWCJ et al. Front. Immunol. 2018 Sep 20;9::2134 

CDC: Complement-dependent cytotoxicity
ADCC: Antibody-dependent cell-mediated cytotoxicity
PCD: programmed cell death

The clinical significance of
these data is unknown. No
interferences of clinical
superiority should be made

* n.d.: not determined



In vitro preclinical studies showed greater apoptosis (PCD) 
with isa compared with currently available CD38 mAbs

Cytotoxicity in the absence of 
effector cells

Deckert J. et al. Clin cancer Res 2014
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in vitro comparison of Daratumumab with surrogate analogs of CD38 antibodies 

DARA SAR MOR TAK

Binding +++ +++ ++ +++

CDC (max lysis) +++ + + ++

Phagocytosis +++ +++ ++ +++

ADCC (max lysis) ++ ++ ++ ++

PCD direct - ++ - -

PDC crosslinking +++ +++ +++ +++
Modulation 

ectoenzyme function + +++ - +
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Adapted from van de Donk NWCJ, et al. Blood 2018 Jan 4; 131(1): 13-29
Van de Donk NWCJ et al. Front. Immunol. 2018 Sep 20;9::2134

CDC: Complement-dependent cytotoxicity
ADCC: Antibody-dependent cell-mediated cytotoxicity
PCD: programmed cell death

The clinical significance of
these data is unknown. No
interferences of clinical
superiority should be made

* n.d.: not determined



Potent inhibition of the ADP ribosyl-cyclase enzymatic activity of human CD38 by isatuximab

Isatuximab suppresses ADP
ribosyl-cyclase activity of
recombinant huCD38 in a
dose-dependent manner
(left) while the control
isotype-matched
huIgG1does not (center).

The degree of inhibition of
CD38 cyclase activity by
isatuximab is much
superior to the other anti-
huCD38 monoclonal
antibodies including
daratumumab surrogate
(Ab005) (right).

• Isatuximab is shown to inhibit CD38 ADP-ribosyl cyclase activity in a dose-dependent manner 
• The degree of CD38 ectoenzymatic activity inhibition by isatuximab is much superior to the other huCD38 

targeting antibodies 
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Isatuximab has demonstrated significant inhibition of CD38 ectoenzyme activity



Molecular basis of interactions between anti-CD38 antibodies and huCD38:

The epitopes of huCD38 interacting with isatuximab and daratumumab paratopes are distinct

CD38
CD38-expressing 

MM cell

Isatuximab epitope

Daratumumab epitope

IsatuximabDaratumumab

The possible steric collision 
between isatuximab heavy chain 
and daratumumab light chain 

The binding modes of 
isatuximab and daratumumab

Lee HT, et al. Biochem Biophys Res Comm. 2021
Martin TC. et al Cells 2019



Golay J & Introna M. Arch Biochem Biophys, 2012
Tai YT & Anderson KC Bone Marrow Res, 2011

Activation of the complement system 
Complement-dependent cytotoxicity 

(CDC)

Natural
killer cell

Macrophage

Activation of natural killer cells 
Antibody-dependent cellular 

cytotoxicity (ADCC)

Activation of macrophages
Induction of phagocytosis

(Antibody-dependent  
cell-mediated 
phagocytosis = ADCP)

Plasma
cell

Daratumumab (DARA): MOA



Isatuximab (SAR650984): MOA

Deckert J et al. Clin Cancer Res, 2014
Martin TG et al. ASH 2014 (Abstract 83); oral presentation

Jiang H et al. Leuk, 2016

Canonical and lysosome-dependent 
cell death



MOR202

MOR202 (CD38) mAb: MOA

Raab MS et al. ASCO 2015 (Abstract 8574), poster presentation



Hierarchy of CD38 expression across immune subtypes,  
as assessed via flow cytometry (A) and CyTOF® (B)

Different flow cytometry approaches on MM BM confirm comparable CD38-marker intensity in natural 
killer (NK), monocyte, and B- and T-cell compartments

Krejcik J et al. Blood, 2016.



Schematic representation of the different MOA possibly triggered by anti-CD38 antibody 
according to the levels of CD38 expression in normal and tumor cells 

Moreno L. et al. Clin Cancer Res 2021



Extent of daratumumab-mediated CDC and ADCC is associated with
CD38 expression levels

CD38 expression levels are higher in
daratumumab-treated patients who
achieve ≥PR

Nijhof IS. et al Leukemia 2015 Oct; 29(10): 2039-49
Nijhof IS et al. Blood, 2016

CD38 is determinant to response to Daratumumab treatment



…..but CD38 is rapidly reduced on MM cells also in patients with deep and 
durable responses

Nijhof IS et al. Blood, 2016, Aug 18; 128 (7): 959-70

Bone marrow MM cells
Circulating MM cells,
before and directly after
first infusion

Circulating MM cells

Jakub Krejcik et al. Clin Cancer Res 2017;23:7498-7511



Effect of antibody binding on CD38 expression: 
isatuximab does not decrease CD38 expression

Treatment with daratumumab

CD38 expressing MM cells

Treatment with isatuximab

• Cytotoxicity via CDC, ADCC, and ADCP is more efficient when CD38 expression is high, but the clinical relevance of 
reduced receptor expression is not clearly defined

• Isatuximab may induce CD38 internalization but not release of CD38 from the cell surface
• Daratumumab induces release of CD38 in microvesicles, leading to decreased CD38 expression

Horenstein AL et al. Cells 2015
Plesner T et al. Cells 2020 

Moreno L et al. Clin Cancer Res 2019



CD38 expression on tumor cells
does not explain the whole story



Daratumumab eliminates CD38-positive immune suppressor cells 

T regs

Similar observations with B-regs and MDSCs

Decrease in CD38+ Tregs by DARA

Krejcik J. et al., Blood, 2016 Jul 21; 128 (3):384-94



Daratumumab has immunomodulatory effects

Daratumumab eliminates CD38+ Tregs, 
B-regs and MDSCs

Daratumumab increases
CD4+ and CD8+ T cells Daratumumab increases killing

capacity of T-cells (granzyme B)

+

Krejcik J. et al., Blood, 2016 Jul 21; 128 (3):384-94 



Immunomodulation by Isatuximab

Immune responses against CD38 and other MM-
associated antigens during immunotherapy with
isatuximab

Atanackovic D. et al. Leukemia 2020 (34), 317–321



Mechanism of action of CD38 antibodies

van de Donk NW et al. Blood 2016



Clinical application for anti-CD38 MoAbs



Transplant Eligible-patients

CASSIOPEIA TRIAL

Moreau P. et al., Lancet 2019



Non transplant eligible-patients

Mateos MV et al., Lancet 2020

Facon T et al., NEJM 2019

MAIA

ALCYONE



Clinical application for anti-CD38 MoAbs: daratumumab

POLLUX

CASTOR

Dimopoulos MA. et al NEJM 2016

Palumbo A. et al NEJM 2016
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Clinical application for anti-CD38 MoAbs: isatuximab

Attal M. et al., Lancet 2019

ICARIA
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Dimopoulos MA, et al. Lancet Oncol. 2021

12.4 mo

6.9 mo

Dimopoulos MA, et al. Lancet. 2020

28.6 mo

15.8 mo

Moreau P, et al. Lancet. 2021

NR

19.1 mo

Clinical application for anti-CD38 MoAbs: 1st relapse (phase III trials)

APOLLO

IKEMA

CANDOR



Bergsagel P. ASCO Educational Book 34199-203. 2014

Immunotherapy:
DARA/ISA/ELO/NIVO/ADC/CAR-T/bispecific

CONCLUSIONS

• These MoAb-based agents induce cytotoxicity
via multiple effector-dependent mechanisms
and can further induce immunomodulation to
repair a dysfunctional tumor immune
microenvironment

• Landscapes of immunotherapy is
continuously evolving in MM thus resulting in
improved clinical outcome

• The approval of MoAb against CD38 (dara/isa)
in upfront and relapsed setting represents a
milestone for immunotherapy of MM





MM cells grow and evolve within a supportive BM microenvironment

Sperling AS, Anderson KC Clin Cancer Res 2021Yamamoto L. et al Front. Oncol. 2021


